
 

Xenopus   tropicalis    v10   reference   genome   assembly   release  

Sequencing,   assembly,   and   annotation  
Whole-genome  shotgun  datasets:  Pacific  Biosciences  (PacBio)  Sequel  long-read  and  10X           
Genomics  Chromium  linked-read  sequencing  data  were  generated  at  the  HudsonAlpha  Institute            
of  Biotechnology  (HudsonAlpha)  from  an  F17  Nigerian  strain  female,  contributed  by  Mustafa  K.              
Khokha  and  Maura  Lane  at  the  Yale  School  of  Medicine.  This  resulted  in  65.4  Gb  (38×  depth)  of                   
long  reads  and  114.7  Gb  (67×  depth)  of  linked-reads.  In  addition,  an  Illumina  short-insert  library                
was  constructed  by  the  Functional  Genomics  Laboratory  at  the  University  of  California  Berkeley              
(UCB)  and  sequenced  2×251  bp  paired-end  by  the  QB3  Vincent  J.  Coates  Genomics              
Sequencing  Laboratory  (VCGSL)  to  95.0  Gb  (55×  depth).  Using  a  blood  sample  from  a  sister  of                 
the  above  frog,  Hi-C  libraries  were  constructed  by  Dovetail  Genomics  LLC  and  sequenced              
2×151   bp   paired-end   by   the   VCGSL,   yielding   108   million   chromatin   contacts.  

Genome  assembly:  Contigs  were  assembled  from  PacBio  long-reads  using  both de  novo  and              
hybrid  strategies. De  novo  contigs  were  assembled  with  Canu  v1.6-132-gf9284f8  (Koren  2017).             
Hybrid  contigs  were  constructed  from  Supernova-derived  (v1.1.5,  assembled  by  HudsonAlpha)           
(Weisenfeld  2017)  contigs  integrated  with  long-reads  using  DBG2OLC  (commit  1f7e752)  ( Ye            
2016 ).  The  two  assemblies  were  merged  with  quickmerge  ( Chakraborty  2016 )  and  scaffolded             
with  3  kb,  8  kb,  40  kb,  and  140  kb  insert  Sanger  paired-ends,  fosmids,  and  BAC-ends  (Mitros                  
2019)  using  SSPACE3  ( Boetzer  2010 ).  Chromosomal  scaffolds  were  constructed  with  Hi-C            
using  Juicer  and  3D-DNA  ( Durand  2016 ; Dudchenko  2017 )  and  then  manually  curated  in              
JuiceBox  ( Dudchenko  2018 ).  Synteny  information  with  other  unpublished Xenopus  assemblies           
was  also  incorporated.  The  resulting  scaffolds  were  gap-filled  with  PBJelly  v15.8.24  (English             
2012)  and  polished  using  Arrow  (Chin  2013),  Pilon  (Walker  2014),  and  custom  scripts.  The               
genome  assembly  was  performed  by  Jessen  V.  Bredeson,  Sanjit  S.  Batra,  and  Austin  B.  Mudd                
in   the   Rokhsar   Lab   at   UCB.  

Generation  of  amphibian  repeat  library:  Repeat  Modeler  v1.0.11  was  run  on  an  intermediate,              
unpolished  version  of  the  assembled X.  tropicalis contigs.  Identified  repeats  were  manually             
curated  to  exclude  false  positives  and  recover  false  negatives,  leading  to  a  total  of  973  repeats.                 
Repeats  from  seven  other  Anuran  genome  assemblies  ( A.  truei  [n=1,769],  E.  coqui  [n=1,441],              
E.  pustulosus [n=1,146], H.  boettgeri [n=1,160], P.  adspersus  [n=908], X.  borealis  [n=1,026],             
and X.  laevis  [n=913])  were  also  identified  and  included  into  a  pan-Anuran  repeat  library.  We                
combined  the  frog  and  ancestral  RepBase  v23.12  dataset  (n=934)  with  the  curated  repeats              
above  to  create  the  final  repeat  library  (n=10,270)  used  for  the Xenopus  tropicalis  v10  repeat                
annotation   (RepeatMasker   v4.0.7).  

EST  assembly: We  obtained  1,271,375 Xenopus  tropicalis  EST  sequences  from  NCBI.  ESTs             
sequenced  from  the  forward  and  reverse  orientations  were  assembled  using  PEAR  v0.9.8             
(Zhang  2013).  Successfully  assembled  ESTs  and  single  ESTs  with  a  minimum  sequence  length              
of  250bp  were  mapped  against  the  v10  genome  assembly  using  STARlong  v2.7.0e  (Dobin              
2013).  
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Genome-guided  transcriptome  assembly: Stranded  RNA-seq  data  from  adult  tissues  (Marin           
2017)  and  non-stranded  RNA-seq  data  from  different  developmental  stages  (Owens  2016)  were             
obtained  from  the  Sequence  Read  Archive  (SRA).  We  only  considered  samples  that  were              
poly-A  selected.  We  pooled  samples  from  equivalent  stage  or  tissue  type  to  increase              
sequencing  read  depth.  The  RNA-seq  reads  were  aligned  against  the  unmasked  version  of  the               
Xenopus  tropicalis  genome  assembly  v10  using  STAR  v2.7.0e  (Dobin  2013).  Alignments            
became  the  inputs  for  the  Trinity  transcriptome  assembler  v2.5.1  (Grabherr  2011).  We  obtained              
a  total  of  2.4  billion  transcript  models,  which  were  subsequently  evaluated  after  being  mapped               
to   the   genome   using   STARlong.  

Filtering  transcript  model  predictions  from  Trinity  and  ESTs:  The  EST  and  transcript  model              
predictions  mapped  by  STARlong,  together  with  a  splice  junctions  database  obtained  from  a              
second  round  of  RNA-seq  alignments,  were  used  to  evaluate  the  quality  of  the  transcript               
models.  Transcripts  and  ESTs  were  discarded  if  they  showed  inconsistencies  in  splice  junction              
support.  This  step  was  critical  to  minimize  the  number  of  gene  fusions,  as  these  often  exhibit                 
significantly  fewer  reads  connecting  the  first  and  last  exons  from  two  adjacent  genes.              
Transcripts  and  ESTs  were  also  discarded  if  they  presented  abnormal  mapping  features  ( e.g .,              
low   mapping   quality,   short   intron   lengths,   short   first   or   last   exon   lengths).  

Genome  annotation: Filtered EST  and  transcript  models  were  used  as  mRNA  evidence  by  the               
JGI  Integrated  Gene  Call  (IGC)  pipeline  (Shengqiang  Shu  unpublished)  for  genome  annotation.             
X.  tropicalis  clones  (n=8,980)  from  the  Mammalian  Gene  Collection  (MGC)  (Klein  2002)  were              
used  as  the  set  of  confident  and  full-length  mRNA  evidence.  MGC  clones  from X.  laevis                
(n=11,515)  were  utilized  as  sister  transcripts.  Human,  mouse,  chicken,  and  zebrafish  proteins             
were  used  for  peptide  homology  evidence.  Several  rounds  of  genome  annotation  and  evaluation              
were   implemented   to   assess   the   completeness   of   the   gene   predictions.  

The  transcriptome  assembly,  repeat  and  gene  annotations  were  performed  by  Sofia  Medina             
Ruiz  in  the  Rokhsar  Lab  at  UCB.  Excluding P.  adspersus  (Denton  2018),  the  remaining  six                
unpublished  Anuran  genomes  used  for  identifying  pan-Anuran  repeats  were  assembled  by            
Austin  B.  Mudd,  Jessen  V.  Bredeson,  Sanjit  S.  Batra,  and  Kodiak  C.  Berkoff  in  the  Rokhsar  Lab                  
at   UCB.  

Assembly   statistics  
Scaffold   sequence   total   /   count  1,451.3   Mb  166  
Scaffold   L50   /   N50  154.0   Mb  5  
Scaffold   L90   /   N90    91.2   Mb  9  
   
Contig   sequence   total   /   count  1,448.4   Mb  850  
Contig   L50   /   N50  14.6   Mb  32  
Contig   L90   /   N90  1.9   Mb  133  
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Annotation   statistics  
Annotation   version  10.7  
Taxonomy   ID  8364  
Primary   transcripts   (loci)  25,016  
Alternate   transcripts  37,983  
Total   transcripts  62,999  
  
Primary   transcripts:   
Average   number   of   exons  8.7  
Median   exon   length  137  
Median   intron   length  1,075  
Number   of   complete   genes  24,167  
Number   of   incomplete   genes   with   start   codon  276  
Number   of   incomplete   genes   with   stop   codon  360  
  
Gene   model   support:   
Number   of   genes   with   Pfam   annotation  18,895  
Number   of   genes   with   Panther   annotation  20,727  
Number   of   genes   with   KOG   annotation  12,109  
Number   of   genes   with   KEGG   Orthology   annotation  10,252  
Number   of   genes   with   E.C.   number   annotation  5,175  

Data   use   policy  
We  are  committed  to  early  data  release  and,  as  a  service  to  the  research  community,  we  are                  
therefore  making  the  chromosome-scale Xenopus  tropicalis  genome  assembly  version  10           
available  prior  to  publication.  We  (the  data  producers)  encourage  the  pre-publication  use  of              
these  data  in  accordance  with  the  Toronto  data  sharing  principles  described  at             
https://www.nature.com/articles/461168a .  A  manuscript  describing  the  analysis  and        
comparisons   with   other   species   in   under   preparation.   

Questions  about  data  use  should  be  directed  to  Jessen  V.  Bredeson  or  Sofia  Medina  Ruiz  (see                 
contact   information   below).  

Files  
● Xentr10.fasta.gz     :    The   haploid   assembly   sequence   in   FASTA   format,   block-compressed  

with   bgzip.   This   file   includes   chromosomal   scaffolds   1–10   and   156   unplaced   scaffolds.  
Chromosome   and   scaffold   names   are   prefixed   with   “ Chr”    and   “ Sca” ,   respectively,   and   lack  
zero-padding   ( e.g .,   “Chr1”).  

● Xentr10.repeatMasked.fasta.gz     :    Genome   assembly   sequence   as   in    Xentr10.fasta.gz  
above,   but   soft-masked   with   RepeatMasker   v4.0.7   using   a   custom   repeat   library   derived  
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from   RepBase_23.12   and   other   amphibian   repeat   sequences   identified   by   Repeat   Modeler.  
See    Xentr10.7.repeatMasked.gff    for   the   repeat   annotations.  

● Xentr10.lowqual.bed     :    A   BED-formatted   file   highlighting   regions   of   the   assembly   that   have  
low   base-level   accuracy   due   to   lack   of   read   coverage   in   sequence   polishing.  

● Xentr10.from9.chain     :    UCSC   chain-formatted   lift-over   table   for   mapping   genome-anchored  
features/annotations   from   the   v9   assembly   to   the   v10   assembly.  

● Xentr10.to9.chain     :    UCSC   chain-formatted   lift-over   table   for   mapping   genome-anchored  
features/annotations   from   the   v10   assembly   to   the   v9   assembly.  

● Xentr10.7.repeatMasked.gff    :    Repeat   annotation   file   in   GFF   format.  

● Xentr10.7.allTrs.cds.fasta    :    Nucleotide   sequences   of   the   coding   regions   from   all   transcript  
model   predictions   (excludes   non-coding   regions).   

● Xentr10.7.allTrs.pep.fasta    :    Peptide   sequences   from   all   transcript   model   predictions.  

● Xentr10.7.allTrs.nuc.fa     :    Complete   mRNA   sequences   from   all   transcript   model   predictions  
(includes   5'   and   3'   UTRs).   

● Xentr10.7.primaryTrs.cds.fasta     :    Nucleotide   sequences   of   all   primary   transcript   model.   A  
primary   transcript   is   defined   as   the   longest   coding   CDS   at   a   locus.  

● Xentr10.7.primaryTrs.pep.fasta    :    Peptide   sequences   of   all   primary   transcript   model.   A  
primary   transcript   is   defined   as   the   longest   coding   CDS   at   a   locus.  

● Xentr10.7.altTrs.gff3    :    Nucleotide   sequence   sequences   from   alternative   gene   isoforms.  

● Xentr10.7.gene.gff3    :    Gene   annotation   file   containing   primary   and   alternative   isoforms.  

● Xentr10.7.gene_exons.gff3     :    Gene   annotation   file   containing   the   primary   and   alternative  
isoforms.   Same   as    Xentr10.7.gene.gff3    but   with   exon   features.  

● Xentr10.7.primaryTrs.gff3    :    Gene   annotations   of   primary   transcripts   only.   

● Xentr10.7.annot.summary     :    Gene   annotation   and   evidence   summary   in   a   human-readable  
table.   Includes   EST,   peptide,   and   functional   evidence   types.  

● Xentr10.7.JGI_gene_EST.ovlps.txt     :    A   text   table   summarizing   annotation   evidence   from  
the   different   sources   used   by   the   annotation   pipeline.  

● Xentr10.7.transcript.functions.txt    :   
1. transcriptName:   transcript   ID   associated   to   one   of   the   isoforms   from   a   gene   locus  
2. Id:   ID   of   the   database   ID  
3. IdType:   Database   type   (PANTHER,   GO,   PANTHER,   SIGNALP,   KEGGORTH,   PFAM,   or  

EC)  
4. Description:   If   available   for   the   database   ID  

● Xentr10.7.gene.functions.txt    :  
1. locusName:   geneID   associated   to   a   single   gene   locus   (primary   transcripts)  
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2. Id:   ID   of   the   database   ID  
3. IdType:   Database   type   (PANTHER,   GO,   PANTHER,   SIGNALP,   KEGGORTH,   PFAM,   or  

EC)  
4. Description:   If   available   for   the   database   ID  

● Xentr10.7.annot_hgnc.tab   :    Master   table   summarizing   the   functional   annotation   of   primary  
transcripts.   The   table   includes   results   from   BLASTP   run   between    X.   tropicalis    and   Human  
peptides   under   the   following   columns:   HGNC   id,   HGNCdescription,   HGNC   blastp_evalue,  
HGNC   cscore   (BLASTP   score   ratio),   genes   with   same   HGNC   id.   For   convenience,   peptide  
sequence   associated   to   the   primary   transcript   is   also   provided.  
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